The introduction of probabilistic DNA interpretation systems has made it possible to evaluate many profiles that previously (under a manual interpretation system) were not. These probabilistic systems have been around for a number of years and it is becoming more common that their use within a laboratory has spanned at least one technology change. This may be a change in laboratory hardware, the DNA profiling kit used, or the manner in which the profile is generated. Up until this point, when replicates DNA profiles are generated, that span a technological change, the ability to utilise all the information in all replicates has been limited or non-existent. In this work we explain and derive the models required to evaluate (what we term) multi-kit analysis problems. We demonstrate the use of the multi-kit feature on a number of scenarios where such an analysis would be desired within a laboratory. Allowing the combination of profiling data that spans a technological change will further increase the amount of DNA profile information produced in a laboratory that can be evaluated.
Introduction
DNA profile interpretation has substantially changed towards probabilistic genotyping. Testament to this are the number of probabilistic DNA profile interpretation systems now available [1] [2] [3] [4] [5] [6] , the recommendations that have been released by multiple advisory bodies on their validation [7, 8] , and the vast array of published works on various models that can be used to describe different elements of DNA profile generation or behaviour [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Most of the available systems have features that carry out two standard tasks: 1) Deconvolution of a DNA profile into sets of genotypes that could describe the profile, weighted by some system of probabilistic modelling (whether this be in a semi-continuous manner that uses probabilities of drop-in and drop-out or a fully continuous system that applies probabilities for various mass parameters within the model).
2) The calculation of a likelihood ratio (LR) when comparing one or more references to the deconvolution and considering two competing propositions.
These two tasks fulfil the vast majority of functions required by most forensic laboratories. However, as our knowledge and comfort with these systems increases, extensions to the above elements are starting to be explored. These have included extensions to the calculation of the LR to database searching [27] , familial searching [28] , the calculation of an LR comparing two mixed profiles where the propositions are whether one or more common contributors exist [29] , or seeking information on potential familial relationships between donors of a mixture [30] . The deconvolution has also been extended to carry out deconvolutions looking for one or more common contributors to multiple evidence items [31] .
The use of multiple PCR replicates within a single interpretation has been undertaken for as long as probabilistic genotyping has been considered [32] . For semi-continuous systems this involves the accumulation of probabilities of drop-in and drop-out for each peak in each profile in the analysis. For fully continuous systems the use of replicates involves the comparison of multiple sets of observed peak heights to their expectations, built up from the models in the system.
We present here an extension to this idea of using replicates, by considering replicates that have been produced under different conditions. This would be of particular use under two broad conditions:
1) The forensic laboratory uses complementary DNA profiling kits that have the same loci, but ordered differently with respect to molecular weight i.e. as per the ESI and ESX profiling system. 2) Data has been produced in one system that has then been superseded by another before the replicate was produced. This may be due to a change in technology such as the move of a laboratory to a different profiling kit, or an update in the model of electrophoretic instrumentation, or the decision to trial an enhancement technique, such as increased PCR cycles, when standard profiling has produced insufficient data.
We term these replicates a 'multi-kit' analysis noting that it may be the same DNA profiling kit in use, just being used under two conditions (for example, a replicate PCR amplification after having moved from a 3130 capillary electrophoresis instrument to a 3500). The difference in the consideration of a multi-kit analysis to a standard replicate analysis is that the profiles have been produced under differing conditions, meaning that they are behaving differently from one another. While the same general models should apply (e.g. for stutter, peak height variability or drop-in, etc.) the parameter values (or their prior probabilities) within the models will differ between replicates. Multi-kit analyses pose additional challenges to standard continuous DNA interpretation systems as different parameters within the models may be correlated across replicates while others will not. An example of this would be to consider a mixed and degraded DNA sample that is profiled in two different kits. We would expect the relative DNA amounts of each contributor to be the same between replicates (they in fact must be as this is a property of the DNA extract, which precedes DNA profiling) where the amplification efficiencies of the loci would not be (as this is a kit related parameter).
We outline here an extension to the theory presented in [1] , that considers multi-kit analyses. We then demonstrate the performance of the proposed model on a number of scenarios that laboratories could encounter, where multi-kit analysis capabilities would prove beneficial.
Theory
Starting with the standard theory of [1, 32] we seek the probability of the observed evidence given a proposition. Nuisance parameters must be considered in order to enumerate the probability and we term these the mass parameters (M). We do not specifically care what the values of these parameters are to calculate the probability (hence 'nuisance'), although it may be of interest to know their values for either diagnostic purposes or for comments on higher level evidential considerations that rely on extrinsic properties of the DNA profile such as the biological source of the DNA or the activities that could have led to the presence of the DNA. We also do not know the values of these mass parameters and so integrate across their prior probability distributions, which can be achieved through the use of Markov chain Monte Carlo (MCMC) analysis. The mass parameters considered in [1] are template DNA (t), degradation (d), locus amplification efficiency (A) and replicate amplification efficiency (R). To extend the theory to multiple kits we introduce a fifth mass parameter, a kit multiplier (B). We now have:
1. A variable t n , for each of the n contributors that may usefully be thought of as template amount, 2. A variable d n,k , which models the decay with respect to molecular weight (m) in the template for each of the contributors to genotype set, S j , where j is one of the J possible genotype sets the contributors can take. This may usefully be thought of as a measure of degradation. Note that this term is now dependent on kit, k, although this dependence on kit is optional and can be fixed within the analysis so that d n,k = d n,k′ under certain circumstance (explained later), 3. Locus efficiencies at each locus, A k l to allow for the observed amplification levels of each locus. Note that this term is now dependent on kit, 4. Replicate multipliers R y,k . This effectively scales all peaks up or down between replicates. Note that this term is now dependent on kit, and 5. Kit multipliers, B k . This scales all peaks in all replicates up or down between kits.
We write the mass variables, Note that the degradation term is optionally kit dependant, despite it being a property of the DNA extract and not the manner in which the profile has been generated. We make the choice to introduce an optional kit dependence on degradation as a result of the type of samples for which this analysis will commonly be used. That is, replicates that span technology (e.g. profiling kit) are likely to be separated by some time, during which degradation will have been acting on the sample. Therefore, the degradation term should be free between kits. For samples where this is not the case, the degradation values for contributors should be similar between kits and hence the term would be fixed in those situations (this property could be used as an analysis diagnostic).
Knowing the values of the parameters in M allows the calculation of Total Allelic Product (T), the total amount of fluorescence expected resulting from an allele in a DNA extract, which will ultimately get broken into components of fluorescence in an allelic position and its stutter positions on the electropherogram (EPG). Calculation of T, for a combination of contributor, kit, locus, replicate and allele, is achieved formulaically by:
